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Description
Technical Field

[0001] The present invention relates to a novel lipase, particularly phospholipase A, (hereafter sometimes PLA,).
More specifically, a peptide or polypeptide comprising all or a portion of an amino acid sequence of the novel PLA,; a
polynucleotide encoding the peptide or the polypeptide; a recombinant vector comprising the polynucleotide; a trans-
formant transformed by the recombinant vector; a method for producing the peptide or the polypeptide by using the
transformant; an antibody against the peptide or the polypeptide; a method for identifying a compound by using the
above materials; the compound identified; an inhibitor or an activator, which acts on the polypeptide or the polynucle-
otide; a medicinal composition related to the same and a method for producing thereof; a method of treatment by using
the medicinal composition; and the method for diagnosing a disease, which is related to PLA,.

Background Art

[0002] PLA, is an enzyme which hydrolyzes an ester linkage in a first position of glycero! of a glycerophospholipid.
To date, the presence of such an enzyme activity has been detected in various organs and some types of PLA; which
are distinguishable in accordance with their substrate specificity have been reported. Examples of such enzymes whose
cDNA has been cloned include toxin PLA, (Dolm1), PS-PLA, [which specifically hydrolyzes the ester linkage in the
first position of glycerol of phosphatidy! serine (PS) and lysophosphatidyl serine (lysoPS) (JP H10-201479 A) (Protein,
Nucleic Acid, and Enzyme 44: 1038 - 1042, 1999)] and PA-PLA, from human testes [which specifically hydrolyzes the
ester linkage in the first position of glycero! of phosphatidic acid (PA) (J. Biol. Chem. 273: 5468 - 5477, 1998)]. Moreover,
it has been known that many molecules of the lipase family have triacylglycerol decomposing activity and also PLA,
activity (FEBS Letters 320: 145 - 149, 1993), (Biochemistry 32: 4702 - 4707, 1993) and (J. Biol. Chem. 272: 2192 -
2198, 1997). In addition, PLA,'s belonging to the lipase family found to date all have a short lid (B.B.A. 1376:417-432,
1998) and (Biochemistry 32: 4702 - 4707, 1993). The physiological role of the lid has not been clearly identified . On
the other hand, it was suggested that there is a possibility of involvement in the lipase activity of "a sugar chain of a
lipase molecule” (J. Lipid Res. 35: 1511 - 1523, 1994) and (J. Lipid Res. 36: 939 - 951, 1995).

[0003] One of functions of PLA, is the action to decompose a phospholipid. it has been known that lysophosphatidic
acid (hereafter sometimes LPA) (B. B. A. 1198: 185 - 196, 1994), one product of the decomposition, has many physi-
ological activities and this acid has attracted attention in terms of its biological usefuiness (Cell Technology 17 (5): 739
- 745, 1998). Major actions reported for LPA include increase in blood pressure (Lipids 13: 572 - 574, 1978), platelet
aggregation action (Am. J. Pathol. 96: 423 - 438, 1979), cell growth promoting action (Cell 59: 45 - 54, 1989), and also
cancer cell infiltration action, cell adhesion, stress fiber formation, chemotaxis induction, neural spine retraction, ap-
optosis suppression, and involvement in wound healing (B. B. A. 1198: 185 - 196, 1994).

[0004] As PLA, having phosphatidic acid (hereafter, sometimes PA) specificity, the human testes PA-PLA, has been
known and a cDNA thereof has been cloned. The novel PLA, is an enzyme inside a cell and is consideredto be a
factor which determines metabolic turnover of a fatty acid in an sn-1 position of phosphatidic acid, which is the center
of phospholipid metabolism (J. Biol. Chem. 273: 5468 - 5477, 1998). On the other hand, it has been reported that the
human testes PA-PLA, hydrolyses phosphatidyl ethanolamine (PE) and phosphatidyl inositol (Pl) in accordance with
the reaction condition.

[0005] Itis an object ofthe presentinvention to find a novel substance related to PLA, which is a catalyst for producing
LPA, and which is a causal substance of the above-described various malignant symptoms, and also to control LPA
in a living body.

Disclosure of the Invention
[0006] The present invention includes:
(1) A polypeptide selected from the following groups;

(a) a polypeptide consisting of the amino acid sequence of SEQ ID NO:1,

(b) a polypeptide comprising the polypeptide of (a),

(c) a polypeptide having at least 70% amino acid sequence homology with the polypeptide of (a) and having
phosphatidic acid decomposing activity, and

(4d a polypeptide having variation of one or several amino acids in the amino acid sequence of SEQ ID NO:
1, such as delelion, substitution, addition, and insertion in the amino acid sequence, and having phosphatidic
acid decomposing activity,
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(2) A peptide comprising at least about 8 consecutive amino acids of the amino acid sequence of SEQ ID NO:1,
(3) A polynucleotide encoding the polypeptide of (1) or the peptide of (2) or a complementary chain thereof,

(4) A polynucleotide which hybridizes to the polynucleotide of (3) under stringent conditions, and a complementary
chain thereof,

(5) A polynucleotide comprising at least about 15 consecutive nucleotide bases of the polynucleotide of SEQ ID
NO:2, and a complementary chain thereof,

(6) A recombinant vector comprising any one of the polynucleotides of (3) to (5),

(7) A transformant transformed by the recombinant vector of (6),

(8) A method for producing the polypeptide or a peptide of (1) or (2), comprising cufturing the transformant of (7),
(9) An antibody which specifically binds the polypeptide of (1) or the peptide of (2),

(10) The antibody of (9), wherein said antibody is able to suppress phosphatidic acid decomposing activity,

(11) A method for identifying a compound which interacts with the polypeptide of (1) so as to inhibit or activate the
activity of said polypeptide and/ or a compound which interacts with the polynucleotide of (3) or (4) so as to inhibit
or accelerate expression thereof, wherein the method comprises a step using at least any one of the polypeptide
of (1), the peptide of (2), polynucleotides of (3) to (5), the vector of {6), the transformant of (7}, and the antibody
of (9) or (10),

{12) A method for identifying a compound which interacts with the polypeptide of (1) so as to inhibit or activate the
activity of said polypeptide and/or a compound which interacts with the polynucleotide of {3) or (4) so as to inhibit
or accelerate expression thereof, wherein the method comprises the steps of evaluating the interaction with the
compound by contacting the polypeptide or the polynucleotide with the compound to be screened under conditions
allowing an interaction of the compound with the polypeptide or the polynucleotide (such interaction is related to
a second component capable of providing a detectable signal responding to the interaction of the compound with
the polypeptide or the polynucleotide) and then, determining whether the compound interacts with the polypeptide
or the polynucleotide to activate or inhibit the activities thereof by detecting the presence or absence or a change
thereof of the signal generated by the interaction of the compound with the polypeptide or the polynucleotide,
(13) A method for identifying a compound which inhibits or activates the activity or a physiological action of the
polypeptide of (1) or the polynucleotide of (3) or (4), wherein the method comprises the steps of evaluating the
interaction with the compound, by using the transformant of (7) and another transformant, which is produced by
expressing a receptor for lysophosphatidic acid produced using the polypeptide of (1) and expressed in the trans-
formant, to phosphatidic acid, by contacting these transformants with the compound to be screened under condi-
tions allowing for interaction of the compound with the transformants (such interaction is related to the second
component capable of providing a detectable signal responding to the interaction of the compound with the trans-
formant) and then, detecting thé presence or absence or a change thereof of the signal generated by the interaction
of the compound with the transformant to determine whether the compound activates or inhibits the activity or the
physiological action of the polypeptide or the polynucleotide,

(14) A compound identified by the methods of (11) to (13),

(15) A compound which interacts with the polypeptide of (1) so as to inhibit or activate the activity thereof, or a
compound which interacts with the polynucleotide of (3) or (4) so as to inhibit or accelerate the expression thereof,
(16) Amedicinal composition comprising at least any one of the polypeptide of (1) or the peptide of (2), any one of
the polynucleotides of (3) to (5), the vector of (6), the transformant of (7), the antibody of (9) or (10), and the
compound of (14) or (15),

(17) Amethod for diagnosing a disease related to expression or the activity of the polypeptide of (1) ina subject,
wherein the method comprises the step of performing an analysis by using (a) a nucleic acid sequence encoding
the polypeptide and/or (b) the polypeptide, contained in a sample obtained from the subject as a marker,

(18) A method for therapeutic treatment comprising administering the medicinal composition of (16) to a subject
afflicted with a disease related to phospholipase A;, and

(19) A method for producing the medicinal composition of (16).

Brief Description of the Drawings

{0007}

Fig. 1 shows the relationship between the nucleotide base sequence of a novel PLA, and the nucleotide base
sequences obtained from an EST database. In the figure, ATG is an initiation codon, S, D, and H are active triads,
C-Cis alid region, the broken line in an EST sequence is the region having a deletion in the EST base sequence.
Fig. 2 shows the amino acid sequence of the novel PLA, and features of the sequence, as well the DNA sequence
encoding the same. In the figure, a doubled underline shows a signal sequence, an underline shows a predicted

" site for addition of a sugar chain, the underline with arrow heads at both terminals shows a lipase consensus



10

15

20

25

30

35

40

45

55

EP 1 298 205 A1

sequence and the lid region, S, D, and H surrounded with a square (shadowed) show active triads, and the square
(opened) show an RGD sequence.

Fig. 3 shows a multiple alignment for comparison of amino acid sequences of the novel PLA; and lipases having
homology with the novel PLA,.

Fig. 4A is a schematic view of the structure of the lipase family and Fig. 4B shows the phylogenic tree of PLA,/the
lipase family.

Figs. 5A-5B showdetection of the novel PLA, recombinantly expressed in insect ceils, by Western blotting. Fig 5A
is a schematic view of a construct expressed, and Fig 5B shows the result of the Westernblotting.

Figs. 6A-6B show the results of purification of the novel PLA, by using a heparin column. Fig. 6A shows the results
of fractionation using the heparin column and Fig. 6B shows the novel PLA, detected by Western blotting.

Figs. 7A-7C show the distribution of mRNA of the novel PLA, (Fig. 7A) and EDG?7 (Fig. 7B) in various tissues. Fig.
7C shows expression of glyceraldehyde-3-phosphate dehydrogenase (G3PDH), which is a constitutively express-
ing gene used as an intemal standard probe.

Fig. 8 shows expression of the novel PLA, protein in ovarian cancer cells and human platelets.

Fig. 9 shows a bioassay system using a cell in which the novel PLA; has been expressed, and an LPA receptor
EDG7-expressing cell, in which Fura2 has been taken-up for examination of the action of the novel PLA,.

Figs. 10A-10F show that SI9 which expresses the novel PLA,, has an increased intracellutar Ca2+ concentration
compared to Sf9 cells which expresse the LPA receptor EDG7.

Figs. 11A-11F show that PLD is involved in LPA production mediated by the novel PLA,.

The Best Mode for Carrying Out the Invention

Novel PLA,

foo08] For the novel PLA, provided by the invention, a cDNA thereof was obtained from a cDNA library and encodes
a novel amino acid sequence. The presence of the novel PLA; according to the invention was confirmed in human
lung, kidney, pancreas, prostate, testis, ovary, and colon by the Northern blotting method. The properties of the novel
PLA, according to the invention are as follows:

such produces LPA by acting on phospholipids, parlicularly phosphatidic acid (PA); has a high specific activity
when using PA as a substrate; and has a consensus sequence and a catalyst triad, which are conserved among
the lipase family, and an amino acid sequence which may be the lid. On the other hand, its homology with members
of the known PLA, group is less than about 40%.

Polypeptide or peptide

[0009) The amino acid sequence of the novel PLA, of the invention is shown in SEQ 1D NO:1. In addition, the polypep-
tide or the peptide of the invention is selected from the polypeptides or the peptides, which contain at least a portion
of the polypeptide of SEQ ID NO:1. The polypeptide or the peptide of the invention has amino acid sequence homology
of about 40% or higher, preferably about 70% or higher, more preferably about 80% or higher, further preferably about
90% or higher, particularly preferably about 95% or higher with the polypeptideof SEQ ID NO:1. The polypeptide or
the peptide having such homology can be selected based on its ability to decompose phospholipids, particularly phos-
phatidic acid, and/or phosphatidic acid substrate specificity. The above-described decomposing activity can be meas-
ured using known methods such as using an radioisotope (RI) -labeled substrate, a fluorescent substrate, or a coloring
substrate or the method described in the Examples herein (J. Biochem. 103: 442 - 447, 1988), (J. Biochem. 117: 1280
- 1287, 1995), (J. Biochem. 101: 53 - 61, 1987), (J. Biol. Chem. 235: 2595 - 2599, 1960), and (J. Biol. Chem. 272:
2192 - 2198, 1997).

[0010] Techniques for detemining the amino acid sequence homology are known per se and are exemplified, for
example, by a method for directly determining the amino acid sequence and a method for determining the nucleotide
base sequence of the cDNA followed by deducing the amino acid sequence encoded thereby.

[0011} The polypeptide or the peptide of the invention includes a polypeptide or the peptide comprising a portion of
the sequence of the polypeptide of SEQ ID NO:1. Such can be used, for example, as a reagent, a standard substance,
or an immunogen. As a minimal unit thereof the polypeptide or the peptide preferably consists of an amino acid se-
quence of 8 or more consecutive amino acids, preferably 10 or more consecutive amino acids, more preferably 12 or
more consecutive amino acids, further preferably 15 or more consecutive amino acids, and is preferably identifiable
immunologically. These peptides can be used as the reagent or the standard substance, or, as describedherein, as an
antigen for preparing an antibody specific to the novel PLA, independently orin combination with a carrier (for example,
keyhole limpet hemocyanin or egg white albumin, or the like.) Moreover, polypeplides prepared by combining other
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species of proteins or other substances are included within the scope of the invention.

[0012] In addition, on the basis of such specified polypeptides or peptides, by using the presence of phospholipid
decomposing activity, particularly phosphatidic acid decomposing activity, and/or the presence of phosphatidic acid
substrate specificity as an index, a polypeptide or peptide is provided consisting of the amino acid sequence having
variations or mutations such as a deletion, substitution, addition, and insertion of 1 or more, for example, 1 to 100,
preferable 1 to 30, more preferably 1 to 20, further preferably 1 to 10, or particularly preferably 1 or several amino
acids. The means for obtaining such a deletion, substitution, addition, and insertion is known per se and, for example,
can be carried out, independently or in a proper combination, by the site specific mutagenesis method, gene homology
recombination method, primer extension method, or potymerase chain reaction amplification method (PCR) and other
methods described in, for example, "Molecular Cloning: a Laboratory Manual, 2" ed. (ed. by Sambrook et al., published
by Cold Spring Harbor Laboratory, 19897, "Lab Manual: Genetic Engineering (ed. by Muramatsu Masami. Published
by Maruzen, 1988)", and "PCR Technology: Principle and Application of DNA Amplification. Edited by H. E. Ehrlich.
Published by Stockton Press, 1989°, or, methods modified from these methods, for example by employing Ulmer's
technique (Science 219: 666. 1983).

[0013] Inmaking the mutants described above, one should consider maintaining the basic properties (physical prop-
erties, activity, immunological activity, or the like) of the protein, i.e., mutual substitution is easily supposed between,
for example, homologous amino acids such as polar amino acids, non polar amino acids, hydrophobic amino acids,
hydrophilic amino acids, positively charged amino acids, negatively charged amino acids, aromatic amino acids, or
the like. As described later, the consensus sequence and the lid region of the lipase family are important for expression
and regulation of the activity. The region comprising the same, particularly the consensus sequence comprising the
catalyst triad, should be preferably maintained in the primary sequence and/or protein structure so as to maintain PLA,
activity, particularly PA-PLA, activity. in addition, a polypeptide or the peptide of the invention is included within the
scope of the invention, regardless of the presence and absence of the sugar chain. However, the sugar chain may
influence the activity and therefore, at least one glycosylation site should be preferablymaintained.

{0014} In the invention, a polypeptide or the minimal unit thereof (region or domain) is provided, which has PLA,
activity similar to that of the polypeptide having the amino acid sequence ofSEQ ID NO:1. In addition, the polypeptide
having a modified activity level or modified substrate specificity is provided. Such are useful, for example, as a PLA,
activity-like substance or a PLA, antagonistic substance for screening a substance regulatingthe PLA, activity. Further,
a homologous gene product of an animal species other than human is included within the scope of the invention.
[0015] Moreover, in order to assistin detection and purification of the polypeptide or the like according to the invention
or to add other functions, itis possible to add other proteins such as peptides, e.g., alkaliphosphatase, B-galactosidase,
an IgG such as an immunoglobulin Fc fragment, or FLAG-tag or the like to an N teminal side or a C teminal side
directly, or indirectly by using a genetic engineering method through a linker peptide or the like. A polypeptide or the
like bound to these other substances is included within the scope of the invention.

Polynucleotide

[0016] In one aspect, the polynucleotide and the complementary chain thereof according to the invention mean a
polynucleotide, which encodes the amino acid sequence of the polypeptide or the peptide according to the invention,
for example, the amino acid sequence ofSEQ ID NO:1, and the complementary chain of the polynucleotide. These
provide gene information useful for production of the above-described novel PLA,, for example, or, can be used as a
reagent or a standard for the nucleic acid. in SEQ ID NO:2, which shows a preferable polynucleotide, the regionfrom
A (adenine) at nucleotide base number 89 to G (guanine) at nucleotide base number 1441 is the presumed coding
region. On the other hand, atg to gaa encoding the region from M (met) at amino acid number 1 to E (Glu) at amino
acid number 19 is presumed to encode a signal sequence. In addition, the presence of polymorphism between human
individuals has been found in the sequences of the novel PLA, according to the invention. As an example, G (guanine)
at nucleotide base number 1088 of SEQ ID NO:2 was substituted by T (thymine). As a result, D (Asp) at amino acid
number 334 was substituted by Y (Tyr). In another example, A (adenine) at nucleotide base number 1204 of SEQ ID
NO:2 was substituted by G (guanine) and in this example, it was determined that no amino acid substitution has oc-
curred.

[0017] In another aspect, the invention provides the nucleotide encoding the amino acid sequence of the polypeptide
or the peptide according to the invention, for example, the amino acid sequence ofSEQ 1D NO:1, preferably the poly-
nucleotide shown by the nucleotide base sequence of SEQ ID NO: 1, or a polynucleotide which hybridizes under
stringent conditions to a region corresponding to the complementary chain thereof. The conditions of hybridization
which can be employed, include, for example, those described in "Molecular Cloning: a Laboratory Manual, 2nd ed.
(ed. by Sambrook et al., published by Cold Spring Harbor Laboratory, 1989".

[0018] These polynucleotides may not always be a complementary sequence, if they hybridize with the objective
polynucleotide, particularly the polynucleotide shown by SEQ ID NO: 2 or complementary chain thereof. For example,
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the homology to the nucleotide base sequence of SEQ ID NO:2 or the complementary chain thereof is at least about
40%, for example, about 70% or higher, preferably about 80% or higher, more preferably about 90% or higher, further
preferably about 85% or higher. The polynucleotide according to the invention includes nucleotides, polynucleotides
or oligonucleotides which consist of “10 or more, preferably 16 or more, or more preferably 20 or morenucleotides”
which correspond to a region of the nucleotide base sequence, and also includes complementary chains thereof.
[0019]) These polynucleotides are, in the production of the polypeptide or the like of the invention, useful as a probe
or a primer for detection of the nucleic acid encoding the novel PLA;, e.g., the gene thereof, or of an mRNA thereof,
and also as an antisense oligonucleotide to regulate gene expression. in this sense, the polynucleotide and the oligo-
nucleotide of the invention may include not only a translated region, but also those corresponding to untranslated
regions. For example, in order to specifically inhibit expression of the novel PLA, by an antisense oligonucleotide, a
nucleotide base sequence of a region, which is other than the consensus sequence region conserved in the lipase
family, inherent to the novel PLA, can be used. On the other hand, a conserved sequence may be used to suppress
simultaneously expression of a plurality of lipases including the novel PLA,. Herein, the nucleotide base sequence
encoding the novel PLA, or the polypeptide having similar activity can be detemined by, for example, confirming an
expressed protein using a publicly known protein expression system and, then, selection is carried out using the phys-
iological activity thereof, particularly, the phosphatidic acid decomposing activity as an index. In the case where a cell-
free protein expression system is used, for example, the technigue used may be based on a ribosome derived from a
wheat germ, a rabbit reticular cell, or the like (Nature 179: 160 - 161, 1957).

Transformant

[0020] The peptide and the polypeptide consisting of the novel PLA, according to the invention and a derivative
thereof can be obtained by gene recombination techniques, other than the cell-free protein expression system as
described above, by using a host known per se, for example, Escherichia coli, yeast, Bacillus subtilis, insect cells,
animal cells, and the like. In the specific example of the invention, insect cells were used, however, the invention is not
restricted to this example (JP P2129487 B and JP P2644447 B: Method for producing recombinant baculovirus ex-
pression vector and synthesis of polypeptide). In addition, PLA4 encoded by PLA, gene according to the invention is
a glycoprotein and, therefore, use of a host such as animal cells is preferable, as such can add a sugar chain to the
polypeptide or the peptide.

[0021] For transformation, means known per se are employed and, for example, transformation of the host cells is
conducted by using a plasmid, a chromosome, a virus, and the like as a replicon. A more preferable system is, in
consideration of the stability of the gene, a method involving integration in the chromosome. However, conveniently,
an autonomous replication system is used with an extranuclear gene. The vector is chosen in accordance with the
species of the host selected and contains the a gene sequence for expression and a gene sequence for replication
and regulation, as structural elements. A combination is determined in accordance with the prokaryotic cell and eu-
karyotic cell selected, and by using a publicly known method per se. A promoter, a ribosome-binding site, a terminator,
a signal sequence, an enhancer, and the like can be combined each other. In the specific example of the invention, a
baculovirus system was used. Of course, the invention is not restricted to this example.

[0022] The transformant is cultured using conditions optimal and known per se for each host. The cufture may be
conducted using an enzyme activity, particularty phosphatidic acid decomposing activity, of the peptide and polypeptide
consisting of the novel PLA; expressed and produced and the derivative thereof, as an index. Also, the production
may be carried out by using a subculture or a batch culture and assigning "an amount of the transformant contained
in a culture medium® as an index.

Collecting novel PLA, and derivative thereof

[0023] The peptide and the polypeptide consisting of the novel PLA; and the derivative thereof can be purified and
collected from the culture medium by assigning the phosphatidic acid decomposing activity as an index and by com-
bining molecular sieve, ion exchange column chromatography, affinity chromatography, and the like, or by means of
ammonium sulfate fractionation, alcohol, and the like based on a difference in solubility. Preferably, on the basis of
information about the amino acid sequence, an antibody against the amino acid sequence is prepared and then, the
peptide and polypeptide are collected by a method of specific adsorbing - collecting using a polyclonal antibody or a
monoclonal antibody. Conveniently, affinity chromatography using heparin can be used.

Antibody

[0024] The antibody is prepared by selecting an antigenic determinant of the peptide and the polypeptide consisting
of the novel PLA, of the invention and the derivative thereof. The antigen may be the novel PLA, or a fragment thereof
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and is composed of at least 8, preferably at least 10, more preferably at least 12, and further preferably 15 or more
amino acids. For preparation of the antibody specific to the novel PLA,, it is preferable to use a region comprising a
sequence inherent to the novel PLA, other than the region of the consensus sequence of the lipase family. This amino
acid sequence is not necessarily homologousto SEQ ID NO:1, and a site exposed to outside of the protein structure
is preferable. If the site exposed is a discontinuous site, the amino acid sequence is effectively continuous in the
exposed site. The antibody is not specially restricted as long as it binds or recognizes immunologically the peptide and
the polypeptide consisting of the novel PLA; and the derivative thereof. The presence or absence of this binding or
recognition is determined by a publicly known antigen-antibody binding reaction.

[0025] The antibody is produced by using independently the peptide or the polypeptide, which consists of the novel
PLA, of the invention and the derivative thereof, or by binding it to a carier, and conducting immune induction, such
as "humoral response and/or cellular response and the like”, against an animat in the presence or absence of an
adjuvant. The carrier is, unless itself causes a harmtul action against the host, not specially restriicted, and for example,
includes cellulose, polymerized amino acids, albumin, and the like. As the animal to be immunized, a mouse, arat, a
rabbit, a goat, a horse, and the like are preferably used. The polycional antibody is obtained from serum by an antibody
collection method known per se. A preferable means is immuno-affinity chromatography.

[0026] For production of the monoclonal antibody, an antibody producing cell (for example, the cell derived from a
pancreas or a lymph node) is collected from the animal subjected to immunization as described above and a hybridoma
is prepared by fusion with a permanent reproductive cell (for example, a myeloma cell line such P3X63Ag8 line) known
per se. Th hybridoma is cloned, followed by selection for a hybridema producing an antibody which specifically recog-
nizes PLA, of the invention, and then the antibody is collected from the hybridoma culture supernatant.

[0027] The polyclonal antibody or the monoclonat antibody capable of suppressing the PLA, activity can be bound
directly to the novel PLA, according lo the invention to regulate the activity thereof and can regulate the system for
producing LPA from phospholipids, particularly PA. Therefore, it is useful for therapeutic treatment and/or prevention
of various malignant diseases related to LPA.

Methods for identifying and screening some compounds

[0028] "The peptide or the polypeptide consisting of the novel PLA, prepared in this way and the derivative thereof”,
"the polynucleotide encoding them and complementary chains thereof*, “the cell transformed onthe basis of information
about these amino acid sequence and the nucleotide base sequence®, "a protein synthesis system using them", and
“the antibody which recognizes immunologically the peptide or the polypeptide consisting of the novel PLA, and the
derivative thereof”, independently or in combination of a plurality of them, provide an effective means for identifying
and for screening for a substance or a agent regulating the activity of "the peptide and the polypeptide consisting of
the novel PLA{ and the derivative thereof” or the polynucleotide, e.g., as an inhibitor or activator. For example, selection
of an antagonist in accordance with a drug design on the basis of the protein structure of the peptide or the polypeptide,
selection of an expression-regulating agent on a gene level using the protein synthesis system, selection of an antibody-
recognizing substance using the antibody, and the like can be used in a medicinal drug-screening system known per
se. Herein, “regulation/-ing™ as described above includes inhibition, antagonism, activation, activity promotion, activity
endowment, and the like.

[0029] On the other hand, "the peptide or the polypeptide, which consists of the novel PLA, of the invention and the
derivative thereof, or the polynucleotide or the transformant of the present invention®, allows identification of "a com-
pound which is able to activate or inhibit the activity of the peptide or the polypeptide consisting of the novel PLA, of
the invention and the derivative thereof” or "a compound which is able to inhibit or promote expression of the polynu-
cleotide according of the invention®, by selecting ” conditions capable of giving rise to interaction between the compound
as a candidate for screening and the peptide or the polypeptide or the like", by employing a system using a signal
(marker) detectable for the presence or absence of this interaction®, and by detecting the “presence or absence of this
signal (marker) or a change of a signal amount” thereol. The system using a signal (marker) includes a system of
measuring the activity, such as the activity of decomposing a substrate such as PA, of the polypeptide of the invention
or a system of measuring the amount of expressed amount of polynucleotide . Specifically, it will be exemplified in the
Examples herein. For identification, a publicly known method may be applied.

[0030] By using the transformant, in which the polypeptide consisting of the novel PLA, of the invention and the
derivative thereof has been expressed, and another transformant, which expresses a receptor of lysophosphatidic acid
produced by action of "the polypeptide consisting of the novel PLA, expressed in the transformant or the derivative
thereof” to phosphatidic acid, and contacting the above described polypeptide or transformants with the compound to
be screened, and by detecting the presence or absence of a signal (marker) generated by interaction of the compound
withthe transformant, or achange thereof, under conditions where the compound and the above described polypeptide
or these transformants are capable of interacting, the compound, which inhibits or activates the activity or a physio-
logical action of “the polypeptide consisting of the novel PLA,, the derivative thereof, or the polynucleotide of the
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invention®, can be identified. The above described transformant includes, for example, a combination of Sf9 cells, in
which the polypeptide consisting of the novel PLA, of the invention and the derivative thereof has been expressed,
with Sf9 cells, in which the LPA receptor-EDG7 has been expressed, and is not restricted to this example. Onthe other
hand, as the signal for detection of the action of the polypeptide consisting of the novel PLA, according to the invention
and the derivative thereof, for example, it is sufficient to detect intracellular calcium whose content increases by com-
bining LPA with an LPA receptor-EDG7-expressed cell. For detection of intracellular calcium, a measuring method
known per se using Fura2 or the like can be applied. By comparing with a reaction in a control system, in which the
polypeptide of the invention or the like has been replaced by another substance (for example, a polypeptide or the
like,) which is homologous to lipase, or LPA, the specificity of the action of the compound can be confirmed. In addition,
each transformant may be replaced by a cell line, in which expression of a corresponding gene has been confimed.

Compound and medicinal composition

[0031] The compound identified in such a way can be used as a candidate compound of an inhibitor, antagonist,
activating agent, promotor, or activator, which are related to the peptide and the polypeptide consisting of the novel
PLA, and the derivative thereof. Further, the compound can be used as a candidate compound for an expression
inhibitor, an expression antagonist, an expression activating agent, an expression accelerator, or an expression acti-
vator against the novel PLA and the derivative thereof at the gene level. Prevention and/or therapy of various malignant
symptoms derived from LPA can be expected with the same.

[0032] The candidate compound selected in this way may be prepared as a medicinal drug by choosing one taking
into consideration a balance of biological usefulness and toxicity. The peptide or the polypeptide consisting of the novel
PLA, of the invention and the derivative thereof, the polynucleotide encoding them and complementary chains thereof,
the vector comprising the base sequences the same, and the antibody being able to recognize immunologically the
peptide or the polypeptide consisting of the novel PLA, and the derivative thereof, themselves can be used as disease
diagnostic means, such as a diagnostic marker or a reagent and medicinal drug means such as a remedy and the like
using functions of inhibiting, antagonizing, activating, accelerating expression, activity, or action of the novel PLA,. In
preparing a medicinal drug. it is sufficient to introduce medicinal drug-preparing means known per se in accordance
with each object, such as the pep'tide or the polypeptide, a protein, the polynucleotide, the antibody, and the like.
[0033] The medicinal composition as described above may be produced by using the peptide or the polypeptide
consisting of the novel PLA, and the derivative thereof of the invention, the polynucleotide, the vector, the transformant,
the antibody, and the compound of the invention as described above. The medicinal composition as described above
is useful for therapeutic treatment of diseases related to PLA,, particularly the novel PLA,.

[0034]) As the diagnostic means, it is useful to diagnose diseases related to the expression or the activity of the
peptide or the polypeptide consisting of the novel PLA, of the invention and the derivative thereof. Diagnosis is, for
example, carried out by determining the amount of an existing corresponding nucleic acid by using the interaction and
reactivity to the nucleic acid sequence encoding the peptide, and/or determining a distribution of the peptide in a subject,
and/or determining the presence of the peptide and the amount present or the amount of activity in a sample derived
from thesubject, and the like. in other words, a test is conducted using the novel PLA, as the diagnostic marker. For
a method for measurement, it is sufficient to use the antigen-antibody reaction system, an enzyme reaction system,
PCR reaction system, and the like, which are known per se. Moreover, as described above, the presence of polymor-
phisms in accordance with individuals and thus, detecting a single nucleotide polymorphism (SNP) by a publicly known
method is also useful as the diagnostic means.

Example

[0035] The invention will be specifically described as follows with reference to examples; however, the present in-
vention is not restricted to the following examples.

Isolation of the gene

[0036] By using the amino acid sequence of rat phospholipase A; (PS-PLA,) (J. Biol. Chem. 272, (4) : 2192-2198,
1997), which specifically dehydrates phosphatidyl serine, as a probe, a homology search (tblastn search) was carried
out using a dbEST (database of Expressed Sequence Tags). As a result, two EST sequences having accession num-

" bers AA149791 and AA102322, were found to have relatively higher homology scores among unknown nucleic acid

sequences.

[0037] Next, a homology search (tblastn search) was carried out on dbEST using the nucleic acid sequence of ac-
cession number AA102322 as a probe.

[0038] As aresult, it was found that there is a nucleolide base sequence region in which the sequence of accession
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number AA367368 is identical to a sequence of accession number AA149791 (Fig. 1). When these sequences were
aligned in the identical region, it was found that alignment is possible in the order of AA149791 (sequence comprising
a methionine residue thought to be a translation initiation codon) , AA102322 (sequence identical to AA149791), and
AA367368 (sequence identical to AA102322 over along range and comprising a catalyst triad) . Next, these sequences
were aligned and features were analyzed. Based upon comparison with PS-PLA,, the amino acid residue of an active
triad, and a loop structure region called the lid (B. B. A. 1376: 417 - 432, 1998), (Biochemistry 32: 4702 - 4707, 1993)
(Protein, Nucleic Acid, and Enzyme 44: 1038 - 1042, 1999) around an active pocket in a protein structure, of which
latter two portions are specific to lipases, was identified. From features of the sequence, it was presumed to be a novel
phospholipase A,.

Cloning of the novel sequence

[0039] In order to clone the cDNA comprising the novel PLA, gene sequence, which was predicted from the above-
described analysis, a clone comprising a partial cDNA sequence (accession number AA149791), which was derived
from a human colon and believed to comprise the initiation methionine codon, was obtained from the American Type
Culture Coilection (ATCC).

[0040] By confirming the nucleic acid sequence of the clone, it was believed to be possible to identify a sequence
comprising the full-length cDNA. In order to confirm on the basis of the sequence that such was not an artifact, oligo-
nucleotides having the nucleotide base sequence of 5-TGCGAAGTAAATCATTCTTGTGAA-3' (a forward primer se-
quence) (SEQ ID NO:3) and the nucleotide base sequence of 5' -TGTGACATCCATAGGACGCTACTG-3' {a reverse
primer sequence) (SEQ ID NO:4) was prepared as PCR primers and RT-PCR was conducted by using RNA's (Clontech)
derived from a human colon, lung, and kidney. The nucleotide base sequence of a gene fragment (about 1.5 kbp) that
was thus amplified was determined after plasmid pBlueScript 1| SK (Stratagene) was used as the vector for cloning,
and cloning such into a multi-cloning site thereof, EcoRI/Xhol. The sequencing was carried out using the primer of the
muiti-cloning site of pBlueScript It SK and using 4 restriction sites of EcoRl, Pstl, Hindlli, and Xhol. Next, on the basis
of this sequence, a primer oligomer was designed and the nucleotide base sequence, which was believed to be the
novel PLA; (SEQ ID NO:2) was finally confirmed by applying the primer walking technique (Fig. 2). In addition, the
sequence was also confirmed by direct sequencing of an RT-PCR product. Through these steps, polymorphism in 2
sites of the nucleotide base sequence was found.

[0041] Escherichia coli containing the plasmid comprising the nucleotide base sequence was deposited under ac-
cession number FERM P-17428 at the Research Institute of Bioscience and Human Technology on June 22, 1999.
This deposit was transferred to an international deposit on June 15, 2000 (FERM BP-71 88).

[0042] The cDNA of SEQ ID NO:2 contains an open reading frame comprising 1353 bases, which can encode a
protein consisting of 451 amino acid residues (SEQ ID NO:4), and has a region thought to be a signal sequence in an
N terminal region. The sequence has four N-{P}-{ST]-{P} sites in [N (Asn) 50-C (Cys) 63, N (Asn) 58-A (Ala) 61, N
(Asn) 66-K (Lys) 69, and N (Asn) 357-E (Glu) 360] as an asparagine glycosylation site motiff, contains one site (R (Arg)
344 - D (Asp) 346] of a RDG sequence known as a cell-associated region motiff, and also has 13 cysteine residues.

Homology with existing protein

[0043} By using the amino acid sequence predicted upon translation of the nucleotide base sequence, a homology
search was conducted using tblastn in an existing database (GenBank) . As shown in Fig. 3, the novel lipase (novel
PLA,) (colon lipase) of the invention showed significant homology with human PS-PLA, (hPS-PLA,), pancreas type
lipase (human pancreatic lipase), liver type lipase (hepatic lipase), lipoprotein lipase, plrp1 (pancreatic lipase related-
protein 1), andpirp2 (pancreatic lipase retated protein 2). On the other hand, high homology was found in vitellogenin,
which is thought to have a protein-structural region highly homologous with lipase. In the protein as described above,
excluding vitellogenin among these known protein sequences having high homology, it was confirmed that all of the
amino acid residues, (S (Ser) 154, D (Asp) 178, H (His) 248), which are predicted as the enzyme active triad are
conserved, and hence, a multiple alignment table was prepared from the sequences by using a GENETYX Muttiple
Alignment module (Software Development, K. K). :

(0044} As a result, in the amino acid sequence of SEQ ID NO:1, as shown in Fig. 2, it was found that there is a
consensus sequence GXSXG [G (Gly) 152 - G (Gly) 156], TGLD(I (lle) 174 - D (Asp)178), and CXH [C(Cys) 246 - H
(His) 248) (X is an arbitrary amino acid), and that these sequences contain alf of the amino acid residues believed to
be the enzyme active triads. it was also found that 12 residues of loop structures {P (Pro) 234 - K (Lys) 245) called
lids, are present around the pocket, which has the protein-structure of the active triad, and regulates the activity of
lipase, and that this number of lids is equal to number of the residues of PS-PLA,. As a rule, it has been known that a
group of lipases other than PS-PLA, has a large number of amino acid residues with the fid structure, and the aclivity
is expressed by binding a proteinaceous factor called colipase (B. B. A. 1376: 417 - 432, 1998), (Biochemistry 32: 4702
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-4707,1993) and (Protein, Nucleic Acid, and Enzyme 44: 1038 - 1042, 1999). However, for PS-PLA, having arelatively
short lid, the necessity of colipase has not been found. Therefore, it is predicted that the protein translated from the
nucleotide base sequence expresses its activity through mechanisms similar to those of PS-PLA,. Fig. 4A shows a
comparison of the novel PLA, with other PLA, families in a schematic diagram. Next, by using GYNETYX Evolutional
Tree (a tool for the UPGMA method) (Software Development, K. K.), an evolutional phylogenic tree of the sequence
of the PLA, lipase family was predicted. As aresult, it is believed that the novel sequence has a sequence evolutionarily
closest to that of PS-PLA; (Fig. 4B). As described above, the protein produced by translation of the novel sequence
is close to lipase group, and is a novel lipase particularly close to phospholipase.

Expression of novel PLA,

[0045] A full-length cDNA was prepared by digesting the above-described pBlueScript 1| SK (-)with EcoR!/Xhol. The
cDNA was incorporated in the multi-cloning site of plasmid pFas1Bac1 (Life Tech Oriental Corp.) using the EcoRi/Xhol
restriction enzyme site. In order to attach FLAG - tag (Asp Tyr Lys Asp Asp Asp Asp Lys) (Biotechnology 6: 1205 -
1210, 1988) to the C temminal, the termination codon was removed and in its place, a synthetic oligonucleotide (primer
2) comprising a Hindll site at the teminal of the nucleic acid sequence encoding FLAG - tag (SEQ ID NO:6) was
prepared, and also the oligonucleotide (primer 1) was prepared by introducing BamHl| at the beginning of the initiation
methionine (SEQ ID NO:5), and then PCR was conducted using the above-described pBlueScript Il SK (-) as atemplate
for amplification of the cDNA.

Primer 1: 5’ - CGC GGA TCC ATG TTG AGA TTC TAC TTA TTC ATC - 3' (SEQ

ID NO:5)

Primer 2: 5’ - CCG GAA TTC TTA CTT GTC ATC GTC GTC CTT GTA GTC CAA CTG

CAA CTC TGG GCA AAG AAT - 3’ (SEQ ID NO:6)

[0046] After the cDNA was incorporated at the BamHI/EcoR)| restriction enzyme site of the multi-cloning site in plas-
mid pFagrBac1, the constructed pFagBac1 was transfected into Escherichia coli JM109 and a positive clone was
chosen and, then, the positive clone was cultured to collect the plasmid. This plasmid was transfected into DH10BAC™
competent cell (Gibco BRL) to collect a recombined Bacmid. The bacmid obtained was transfected into Sf8 celis (de-
rived from Spodoptera frugiperda pupa ovary tissue) together with Cell FECTIN™ (pF,51Bac1). As a resutt, a recom-
binant baculovirus was collected in the cutture supernatant.

{0047] Next, in order to confirm expression of the protein, Sf9 insect cells were infected with the collected baculovirus
and subsequently cultured at 27 °C for 96 h. The infected and cultured Sfg cells were centrifuged to separate such
into a cellfraction and a supernatant, and a protein extract from each was subjectedto SDS-PAGE and Westem blotting
was conducted using an antibody against FLAG-tag. The novel PLA, was located in the supernatant of the culture in
a small amount, and a large portion thereof was collected from the cell fraction. A plurality of bands was observed in
front of and behind the about 50 kDa expected molecular weight of the novel PLA, (Fig 5B). These plural bands are
believed to be caused by modification of the sugar chain of the novel PLA,. The novel PLA, has a sequence similar
to that of a signal peptide at the N terminal of the amino acid sequence, and is believed to be a cell-associated enzyme.
Hereinafter, cell association means presence in a cell membrane or in a cell or presence associated with the cell
membrane. By the technique described above, it was confirmed that the novel PLA, could be expressed in using insect
cells or the like. On the other hand, for purification of the novel PLA, as described below, the purifying process was
simplified by using the culture supematant which contains a small amount of the nove! PLA,.

Purification of novel PLA,

[0048] 500 mi of the supernatant of the culture infected with the recombinant baculovirus (JP P2129487 B and JP
P2644447 B: Method for producing recombinant baculovirus expression vector and synthesis of polypeptide) was
collected, cell fragments were removed by centrifugal operation at 10000 X g, for 20 min, and at 4 °C, and debris was
removed from the culture supernatant by filtering (Falcon, pore size 0.45 ¢ m). Using the FPLC system (Amersham-
Phammacia), the culture supernatant described above was applied to a heparin column (Hi-trap Heparin, Amersham-
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Pharmmacia, 5 ml) for final concentration gradient elution with 100 mM to 1500 mM NaCl in the presence of 10 mM
Tris-HCI (pH 7.4). Fractionation of an eluate was carried out every 2.5 ml and 20 fractions were separated in total. The
novel PLA; was eluted at a relatively high concentration of NaCl, about 1 M, and showed high affinity to heparin (Fig.
6A). Next, a portion of individual fractions fractionated was subjected to SDS-PAGE and subsequent Western blotting
using an anti-FLAG-tag antibody, and finally, it was confirmed that the novel PLA, having a molecualr weight of about
50 kDa was collected in fraction numbers from 10 to 16 (Fig. 6B).

[0049] Similarly, as a control experiment, the culture supematant infected with wild-type baculovirus was applied to
the heparin column as described abéve and concentration gradient NaCl elution fractions were obtained. However, in
these fractions, a molecule detectable using the anti-FLAG-tag antibody was not found.

Preparation of antibody

{0050} A peptide having a sequence of 18 amino acids (from amino acid number 434 (Met) to amino acid number
451 (Leu) of SEQ ID NO:1) in the C terminal of the novel PLA, was bound to KLH (keyhole limpet hemocyanin) for use
as an antigen and applied to the back of a foot pad of a rat (WYK line) together with Freund's complete adjuvant for

‘immunization. A lymph node cell of the rat thus immunized was fused with a myeloma cell (PAI) of a mouse to yield

fused cells and among them, an antibody-secreting cell was chosen by a conventional ELISA screen, cell fluorescence
method, and Western blotting. An antibody against the novel PLA, was obtained by culturing a selected hybridoma cell .

’

Confirming expressed tissue

[0051] Inorder to examine the tissue in which the novel PLA, was expressed, Northern blotting was carried out using
human normal tissue. A PCR fragment of about 0.7 kbp which was a cDNA fragment of the open reading frame, was
used as the probe. In other words, the oligonucleotide having the nucleotide base sequence of CTGCGCACAAAC-
CATCAACTCCTC (the forward primer sequence) (SEQ ID NO:7) and AGGGGACAGGACTCTTTTTGTGAC (the re-
verse primer sequence) (SEQ ID NO:8) was prepared as PCR primers, and PCR was conducted to prepare a 32p
labeled probe. Northern blotting was carried out using a Human Muttiple Tissue Northern Blot (Clontech) according to
the user's manual (PT1200-1, Clontech). As a result, in the normmal tissue, expression of the mRNA was observed in
the lung, kidney, pancreas, prostate, testes, ovary, and colon (Fig. 7A).

[0052] Further, in several human ovarian cancer cell lines (Ovcar-3, Ovcar-5, and Ovcar-8), it was found by Northern
blotting that the mRNA of the novel PLA, was expressed. In addition, for the ovarian cancer cell lines as described
above, Westem blotting analysis was carried using the monoclonal antibody, as described above, against the novel
PLA; (sPA-PLA¢) and, two bands of 55 kDa and 52 kDa were delected, and thus it was clear that the novel PLA,
protein was expressed in these cell lines (Ovcar-3, Ovcar-5, and Ovcar-8) (Fig. 8). The bands of two different molecular
weights represent differences in the sugar chain modification of the novel PLA,. Almost all of the novel PLA, was
collected from the cell fraction of the ovarian cancer cell lines and not obtained from the cell supernatant. Moreover,
the novel PLA, was highly expressed in human platelets (Fig. 8). For the platelets, two bands were detected, however,
the molecular weights thereof were somewhat lower than that observed in ovarian cancer cells. Intracellular localization
of the novel PLA, in the ovarian cancer cell was examined by immunofluorescence using the novel PLA, monoclonal
antibody described above.Specifically, these ovarian cancer cell lines (Ovcar-3, Ovcar-5, and Ovcar-8) were cultured
in a Dulbecco's modified Eagle culture medium (DMEM) containing 5% fetal calf serum (FCS) in 5% CO, atmosphere.
Cells propagated on a cover glass were fixed with ice-cooled methanol and blocked with 10% goat serum. The cells
were then incubated together with the antibody against the novel PLA, or an anti-caveolin 1 antibody (Santa Cruz
Biotech Corp.) and subsequently, further incubated together with rat or rabbit anti-Ig antigen (Alexa488/green or Alexa
594/red) as a second antibody, and finally, subjected to double staining using the antibody against the novel PLA, and
the anti-caveolin 1 antibody. An intracellular region, where the novel PLA, or caveolin was present, was detected by
a fluorescence microscope (Zeiss, Genmany). As a result, it was found that the novel PLA, was localized in the same
region as that of caveolin 1, which is known to be localized in a micro-domain of the cell surface. On the other hand,
in the Ovcar-5 cells, the novel PLA, showed a spotted distribution.

Test of substrate specificity

[0053] Using the above described novel PLA, purified from the Sf9 cells infected with the recombinant baculovirus,
and phosphatidic acid (PA), whose fatty acid was radioisotope-labeled by [4C}, phosphatidy! serine (PS), phosphatidyt
chorine (PC), or triacylgtycerol (TG) as substrates, phospholipase activity and lipase activity were measured (J. Biol.
Chem. 272: 2192 - 2198, 1997). For the phospholipase activities (PA), (PS) and (PC) 40 uM of each substrate was
incubated together with the enzyme in the presence of 100 mM Tris-HCI-(pH 7.5), and 4 mM of CaCl, at 37 °C for 1
h, released radioisotope-labeled fatty acid was extracted by the Dole method, and finally, radioactivity was measured
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using a liquid scintillation counter. For lipase activity (TG), 40 pM of each substrate was incubated in the presence of
100 mM Tris-HC! (pH 7.5) and 4 mM CaCl, at 37 °C for 1 h together with the enzyme, released radioisotope-labeled
fatty acid was extracted by the Dole method, and radioactivitywas measured using a liquid scintillation counter. As a
result, phospholipase activity cleaving PA and PS was detected for the novel PLA,. For lipase activity cleaving TG and
phospholipase activity cleaving PC or PE, a significant activity was not detected. Phospholipase activity cleaving PA
was not detected in a fraction purified in the same way using Sf9 cell culture supernatant infected with wild-type bac-
ulovirus. From the above, it is believed that the novel PLA, hydrolyzes PA and is involved in a process of production
of lysophosphatidic acid (LPA), which is a growth factor promoting differentiation and/or proliferation of cells.

Comparison with PS-PLA,

[0054]) Table 1 shows a comparison of properties of the novel PLA, of the invention with known human phosphatidyl
serine-specific phospholipase A, (PS-PLA;). The novel PLA, of the present invention, in comparison with PS-PLA,,
showed high affinity with heparin and almost all of the same was a glycoprotein with cell - binding activity.

Table 1
Lid Heparin Affinity | Organ Distribution | Intracellular Localization | Substrate Specificity
PS- PLA, 12 Low inducible Secretory PA
(456a.a.) a.a. Cell-associated LysoPS
Novel PLA; | 12 High inducible Cell-associated PA
(451a.a.) a.a. Secretory PS

Relationship with LPA receptor

[0055] The novel PLA, works on PA to hydrolyze and produce 2-acyl LPA. Therefore, it is believed that the novel
PLA, produces LPA for supplying to the LPA receptor as a ligand. The LPA receptors known are EDG2, EDG4, and
EDG 7. Among them, EDG 7 is a unique receptor showing a strong reactivity to LPA comprising an unsaturated fatty
acid and reacting more strongly to 2-acyl LPA than 1-acyl LPA. Ligand specificity thereof is different from that of EDG2
and EDG4 (J. Biol. Chem. 274: 27776 - 27785, 1999). It is thought that signal transmission through EDG7 is mediated
by a PLA, reaction and hence, expression of the novel PLA, and EDG7 in the living body was examined by Northern
blotting. mRNAs of both of these substances were found to be expressed in the pancreas, prostate, and testes and
showed relatively similar tissue distribution (Fig. 7A, B, and C). Further, as described above, in an ovarian cancer cell
line and platelets showing expression of the novel PLA,, the presence of PLA was also found.

[0056] Next, the possibility that the novel PLA, hydrolyzes PA and produce LPA for supplying to EDG7 as the ligand
was examined. First of all, the novel PLA,, of the invention, partially purified was added to the cell expressed EGD?7,
however, a cellular response was not observed. Then, by using the bioassay system shown in Fig. 9, it was examined
whether LPA can be produced by the novel PLA,. As the bioassay system, an insect cell Si9 lacking reactivity to
LPAwas used. The novel PLA, was expressed in Sf9 cells using the baculovirus system as described above (hereafter
occasionally enzyme side). Meanwhile, EDG7 as the LPA receptor was expressed in the Sf9 cells using the baculovirus
system according to the method in J. Biol. Chem. 274: 27776 - 27785, 1999 (hereafter occasionally receptor side.) In
this system, if the novel PLA, is expressed enough to produce LLPA, LPA binds to the cell expressing the LPA receptor
and causes intracellular signal transmission, resulting in a rise in the intercellular concentration of calcium ions (Ca2+).
In other words, LPA production and the action of the novel PLA, in vitro can be examined by detecting a change in the
Ca2* concentration. The change in the Ca2+ concentration was measured by using the Ca2+ fluorescence indicator
Fura-2. First of all, the Sf9 cells expressing the LPA receptor were suspended in a nutrient liquid (10 mM CaCl,, 60
mM KCI, 17 mM MgCl,, 10 mM NaCl, 10 mM MES, 4 mM glucose, 110 mM sucrose, and 0.1% bovine serum albumin)
at a concentration of 5 X 105 cells/ml and 2 1M Fura2-AM was added to the cells at 27 °C for 1 h. Then, the cells were
washed twice with the nutrient liquid as described above, and then, suspended in the nutrient liquid at a concentration
of 5 X 105 cells/ml. The Sf9 cells expressing the novel LPA; were suspended in the nutrient liquid at a concentration
of 5 X 105 cells/50 pl. 1 mi of the LPA receptor-expressing cells were added to a cuvette, stirred by a micro-stirrer, and
irradiated with 340 nm and 380 nm excitation light. Next, the fluorescence intensity and ratios thereof at 500 nm were
measured using a CAF-110 type intracellular ion measurement instrument (JASCO Corporation.) 50 ul of the novel
LPA;-expressing cells were added thereto for measurement in the same way. Moreover, at the time of each measure-
ment, one value, when all Fura 2 and extracellular Ca2*'s were bound by addition of Triton-X100, and another value,
when all Ca?+'s were chelated by addition of EGTA to dissociate Fura2, was simultaneously measured. By using each
meastured value as described above; an intracellular calcium concentration was calculated from the following formula.
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[Ca®™] (nM) = 224 X *b*'a" X ("F™-*Fmin")/("Fmax"-"F")

[0057] In the formula, 224 represents a dissociation constant of Fura 2, "a" represents the fluorescence intensity at
380 nm excitation light when all Fura 2 was bound to extracellular Ca2+s upon addition of Triton-X100, "b" represents
the fluorescence intensity at 380 nm excitation light when Fura 2 was dissociated upon addition of EGTA to chelate ail
Ca?*'s, "F" represents the ratio of the fluorescence intensity at 340 nmexcitation light/the fluorescence intensity at 380
nmexcitation fight, *Fmax" represents "F* when all Fura 2's were bound to extracellular Ca2+'s upon addition of Triton-
X100, “Fmin" represents "F* when Fura 2 was dissociated upon addition of EGTA to chelate all Ca2+'s.

[0058] As a result, when the novel PLA,-expressing cells were added to the EDG7-expressed SF9 cells, a rise in
the intercellular Ca2* concentration was observed (Fig. 10a). This phenomenon was not observed, when the receplor
side (Fig. 10b) or the enzyme side (Fig. 10c) was changed to the cells infected with wild-type baculovirus. That Fura
2 was taken-up at the receptor side cell was confirmed by using thapsi-gargin discharging Ca2+ from an intracellular
Ca?* store (Fig. 10b). On the other hand, it was found that a rise of the intercellular Ca2+ concentration was, after the
Ca?* concentration was terhporarily raised by LPA (100 nM 1-oleoyl) (Fig. 10c), not observed, when the novel PLA;-
expressing cells were added and subjected to desensitization (Fig. 10d). This suggests that the observed rise of the
Ca? is mediated by EDG?7. This intercellular Ca2* concentration of the EDG?7-expressed cells cannot be induced by
the cells, in which other phospholipase [sPLA,-lA (secretory phospholipase type l1A) or PS-PLA,] was expressed (Fig.
10e). Therefore, this is a phenomenon specific to the novel LPA,. Meanwhile, it was found that the culture supernatant
of the novel PLA-expressing cells never induced any detectable Ca2+ reaction (Fig. 10a) and the LPA produced was
almost all associated with the cells. In addition, for cells expressing the novel PLA, mutant, in which a serine residue
[amino acid sequence 154 of SEQ ID NO:1 (Ser)] in the enzyme - aclive center of the novel PLA, and conserved in
almost all lipase/PLA, families, was substituted to an alanine residue, there was no induced rise in the Ca2+ of the
EDG7-expressed cells (Fig. 10f). From the above-described results, it was proven that the novel PLA, hydrolyzes
endogenous intracellular PAas the substrate, andproduces LPA which acts on the cells expressing EDG7, the LPA
receptor. Further, it was suggested that the LPA produced is present in the cell membrane. As described above, intra-
cellular LPA production by the novel PLA, and mechanisms for transfer of LPA present in the cell membrane to EDG7,
the LPA receptor, were confirmed herein. In addition, a tool for elucidating the physiological significance of the PLA,
family and the action mechanisms thereof are provided hereby.

Involvement of PLD in LPA production mediated by the novel PLA,

[0059] Phospholipase D (PLD), which converts a membrane phospholipid to PA is also involved in LPA production
by ovarian cancer cells. In order to find out the role of PLD in LPA production by the novel PLA,, PMA (phorbol 12-myr-
istate 13-acetate) activating PLD, through protein kinase Ca and a short-chain alcohol inhibiting all isoforms of PLD
were used. The novel PLA-expressed cells and the EDG7-expressed cells, which were used, were identical to those
as described above. First of all, the novel PLA,-expressed cells were incubated in the presence of PMA to examine
the capability of induction of calcium discharge from the EDG7-expressed cells. As shown in Figs 11A and D, treatment
of the cells with 100 nM PMA for 30.min significantly accelerated the rise of the interceliular Ga2* concentration, which
was caused by adding the novel PLA,-expressed cells. Moreover, in the presence of 0.56% 1-butanol, which concen-
tration allows for complete inhibition of the PLD activity, acceleration of the rise of the Ca2* concentration in the novel
PLA,-expressed cells by PMA treatment was completely inhibited (Fig. 11B and E). On the other hand, 0.5% 2-butano!
did not affect the same (Fig. 11C and F). 2-butanol does not inhibit PLD and therefore, itcan be said that LPA production
by the novel PLA, depends on PLD in the Sf9 cells. A single use of PMA, 1-butanol, or 2-butanol did not have any
effect on the intercellular Ca2+ concentration. In addition, PMA treatment of the Sf9 cells, in which other phospholipase,
PS-PLA,, or sPLA,-lla were expressed, caused no induction of any detectable Ca2* reaction in the EDG7-expressed
cells. In other words, the novel PLA, produces LPA (probably, 2-acyl-1-lysoPA) by cooperation with activation of PLD.

Preparation of antisense oligo
[0060] A phosphorothioate type oligonucleotide having a nucleotide sequence GAATAAGTAGAATCTCAACATATGG
[a complementary chain corresponding to the region comprising the initiation codon from C (cytosine) of nucleotide

base number 85 to C (cylosine) of nucleotide base number 109 of SEQ ID NO:2] was synthesized by Sawady Tech-
nology, K.K..

Preparation of a full length antisense (complementary chain) expression vector

[0861] A cDNA fragment was amplified by PCR using Bluescript SK-PA-PLA, (identical with that described above),

13
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which is the plasmid comprising the DNA encoding the novel PLA,, as a template DNA, and digested by restriction
enzymes BamH! and Notl. The obtained DNA fragment of about 1.5 kbp was ligated in the BamHI - Noll sites of vector

pcDNAB for expression to prepare a vector expressing the antisense chain (complementary chain) to the full-length
sequence.

Test of suppressing PLA, expression

[0062] The antisense oligo andthe full-length antisense expression vector, which were prepared as described above,
were transfected into cell lines Ovcar-3, Ovcar-5, and Ovcar-8, which express the novel PLA,, using a transfection
reagent FuGene6 (Roche) according to a user's manual. As a control, vector pcDNA3 was used. After 72 hours, the
cells were collected and conventional Westem blotting was conducted. [WHAT ARE THE RESULTS OF THIS EXPER-
IMENT?]

Industrial Applicability

[0063} The present invention provides a novel PLA, belonging to the PLA, lipase family. The novel PLA,, which is
a cell-associated glycoprotein, has substrate specificity for phosphatidic acid (PA) and hydrolyzes PA to produce lys-
ophosphatidic acid (LPA). In addition, the invention provides information regarding the physiological significance of the
PLA, family and mechanisms for production of a ligand of the LPA receptor, on the basis of LPA production in a cell
by a novel PA-specific lipase (PLA,) and the presence of mechanisms for transfer of LPA from the cell to EDG7, the
LPA receptor. A novel medicinal drug composition and a therapeutic means, as an application of these findings will be
useful for clinical and basic medical fields related to lipase.

14



10

15

20

25

EP 1298 205 A1

SEQUENCE LISTING
<110> Hochida Pharmaceutical Co. Ltd.
<120> A novel lipase
<130> GPOO-1011

<150> JP P1999-187089
<151>  1999-06-30

<160> 8
<170> Patentln version 3.1

Q2100 1

211> 2445

<212 DNA

<213> Homo sapiens

<220>

<221> CDS

222> (89).. (1441)

<223> Sequence number 2 described in the specification

<220>
221> misc_feature

<223> ~<C210> 17 is Sequence number 2 described in the specification.
"<210> 2° is Sequence number 1 described in the specification

<400> 1
cacgaganaa tcccacagtg gaaactctta agcctetgeg aagtaaatca ttcttgtgaa 60

tgtgacacac gatctctcca gtttcecat atg ttg aga ttc tac tta ttc ate 112
Met Leu Arg Phe Tyr Leu Phe lle
1 5

agt ttg ttg tge ttg tca aga tca gac gca gaa gaa aca tgt cct tea 160
Ser Leu Leu Cys Leu Ser Arg Ser Asp Ala 6lu Glu Thr Cys Pro Ser
10 15 20

ttc acc agg ctg age ttt cac agt gea gtg gtt get acg gga cta aat 208
Phe Thr Arg Leu Ser Phe His Ser Ala Val Val Gly Thr Gly Leu Asn

25 30 35 40
gtg agg ctg atg ctc tac aca agg saa aac ctg acc tgc gea caa ace 256
Yal Arg Leu Met Leu Tyr Thr Arg Lys Asn Leu Thr Cys Ala Gin Thr
45 50 55
atc asc tcc tca got ttt geg aac ttg aat gtg acc aag ase acc acc 304

Ile Asn Ser Ser Ala Phe 6Gly Asn Leu Asn Val Thr Lys Lys Thr Thr

15
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60 65 10

ttc att gtc cat gga ttc agg cca aca gge tcc cot cot gtt tegg ate
Phe Ile Val His Gly Phe Arg Pro Thr Gly Ser Pro Pro Val Trp Met
15 80 85

gat gac tta gta aag ggt ttg ctc tct gtt gaa gac atg aac gta gtt
Asp Asp Leu Val Lys Gly Leu Leu Ser Val 6lu Asp Met Asn Val Val
90 95 100

gtt gtt gat tgg aat cga gga got aca act tta ata tat acc cat gee
Val Val Asp Trp Asn Arg Gly Ala Thr Thr Leu |le Tyr Thr His Ala
105 110 115 120

tct agt aag acc aga eaa gta goc atg gtc ttg aag gea ttt att gac
Ser Ser Lys Thr Arg Lys Val Ala Met Val Leu Lys Glu Phs lle Asp
125 130 135

cag atg ttg gca gea gga get tot ctt gat gac att tac atg atc gga
Gin Bet Leu Ala Glu Gy Ala Ser Leu Asp Asp Ile Tyr Het Ile Gly
140 145 150

gta agt cta gga gcc cac ata tot ggg ttt gtt gga gag atg tac gat
Val Ser Leu 8ly Ala His Ile Ser Gly Phe Val Gly Glu Bet Tyr Asp
155 160 165

gga tgg ctg ggeg aga att aca ggc ctc gac cct gea gege cot tta tto
Gly Trp Leu Gly Arg lle Thr Gly Leu Asp Pro Ala 6]y Pro Leu Phe
170 175 180

8ac ggg aaa cct cac caa gac aga tta gat ccc agt gat geg cag ttt
Asn Gly Lys Pro His Gin Asp Arg Leu Asp Pro Ser Asp Ala Gin Phe
185 190 195 200

gtt gat gtec atc cat tcc gac act gat gea ctg gec tac aag gag cca
Val Asp Val tle His Ser Asp Thr Asp Ala Leu Gly Tyr Lys Glu Pro
205 210 215

tta gga aac ata gac ttc tac cce aat gga gga ttg gat caa cot geo
Leu Gly Asn lle Asp Phe Tyr Pro Asn 8ly Gly Leu Asp 6In Pro 6ly
220 225 230

tec ccc aaa aca ata ttg gga gga ttt cag tat ttt ams tgt gac cac
Cys Pro Lys Thr 1le Leu Gly Gly Phe Gin Tyr Phe Lys Cys Asp Mis
235 240 245

cag agg tct gta tac ctg tac ctg tct tcc ctg aga gag age tgc acc
8in Arg Ser Val Tyr Leu Tyr Leu Ser Ser Leu Arg Glu Ser Cys Thr
250 255 260

atc act geg tat cce tgt gac tcc tac cag gat tat agg eat ggc asg
Ile Thr Ala Tyr Pro Cys Asp Ser Tyr Gin Asp Tyr Arg Asn 6ly Lys
265 270 275 280

16

352

448

436

592

136

184

832

880

928
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tgt gtc age tge gge acg tca caa aaa gag tcc tgt cocc ctt otg gee
Cys Vat Ser Cys Gly Thr Ser 6In Lys 6ilu Ser Cys Pro Leu Leu Bly
285 290 295

tat tat gct gat aat tgg asa gac cat cta agg ggg aaa gat cct cca
Tyr Tyr Ala Asp Asn Trp Lys Asp His Leu Arg Gly Lys Asp Pro Pro
300 305 310

atg acg aag gea ttc ttt gac aca got gag gag agc cca ttc tge atg
Met Thr Lys Ala Phe Phe Asp Thr Ala Glu Glu Ser Pro Phe Cys Met
315 320 325

tat cat tac ttt gtg gat att ata aca tgg aac aag aat gta aga aga
Tyr His Tyr Phe Val Asp lle lle Thr Trp Asn Lys Asn Val Arg Arg
330 335 340

geg gac att acc atc naa ttg aga gac aaa got gga aac acc aca gaa
Gly Asp lle Thr ile Lys Leu Arg Asp Lys Ala Gly Asn Thr Thr Glu
345 350 355 : 360

tcc aaa atc aat cat gaa ccc acc aca ttt cag aaa tat cac caa gtg
Ser Lys lie Asn His Glu Pro Thr Thr Phe GIn Lys Tyr His Gin Val
365 310 315

agt cta ctt gca aga ttt aat caa gat ctg gat aaa gtg get gea att
Ser Leu Leu Ala Arg Phe Asn Gin Asp Leu Asp Lys Val Ala Ala tle
380 385 390
tcc ttg atg ttc toct aca gga tct cta ata ggc cca agg tac asg cte
Ser Leu Mot Phe Ser Thr Gly Ser Leu lle Gly Pro Arg Tyr Lys Leu
395 400 405
agg att ctc cga atg aag tta agg tcc ctt gee cat ccg gag agg cot
Arg lle Leu Arg Ret Lys Leu Arg Ser Leu Ala His Pro 6lu Arg Pro
410 415 420
cag ctg tgt cgg tat gat ctt gtc ctg atg gea aac gtt gaa aca gte
6In Leu Cys Arg Tyr Asp Leu Val Leu Met 6lu Asn Val 6lu Thr Val
425 430 435 440
ttc cea cot att ctt tgec cca gag ttg cag ttg taactgttge caggacacat
Phe GIn Pro Ile Leu Cys Pro Glu Leu Gin Leu
445 450

gegccatasat aatagnaaga aagctacaac cacaggetgt ttgaaagett cacctcoacct
ttctgecanag cagasseagt atgaasasac caaggetttt ttcagtagcg tcctatggat
gtcacattgt acatcaaaca sccttgtgat tatasaacge tcctgggaag gagcccctaa

ctagggcaag tcagaaatag ccaggetcge ageagcgeag cgotgtgtet getgtgtect

17

976

1024

1072

1120

1168

1216

1264

1312

1360

1461

1521
1581
1641

1701
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geegeotece ttgttecgac ctgtcaattc tgetgectgt cacgcgegte gtteotgecea
tegegectge gggteaagea tettcaaggg aaggacggac tggaggecte accgtggact
caactctgea ttetecgtge cacattecte cagtteccac acgtagaagg gaacgaasact
gacgtctace tcatgggget getgtgtggg tttgegagge aaasatctat gaagegtttt
ttgasatcoc ataggtgcca catctatgag atgtttgats aatgtgaata tgottttaca
tttggectta totaatttge aataagagag cctetcteta tcaacaccag cttotctete
gegetgttte ctecaggpaag gecaaganagc cacgtgetge ccctetgect totctaaagt
getgttggag catggaggag ctggaggaga tggegatgge ctgacageta agagggcgge
tgctegeact agatagtgga tgaagaaaga aggacgagga agecgtegeg cagectctte
acatggggac aggggatgea goatgageca gEEgaageas aageagaget tatttttcac
ctaaggtgea gaaggatcac tttacaggea acgetcattt taagcascce ttaagaaatp
tttatgtttc tttattacca atgtaatcta tgattattga aggasattta gaaaatgegt

agatacaaaa aamaagaaaaa aaga

Q10> 2

Q1> 451

<212 PRT

<213> Homo sapiens

<400> 2

Met Leu Arg Phe Tyr Leu Phe lle Ser Leu Leu Cys Leu Ser Arg Ser
1 5 10 15

Asp Ata 8lu Glu Thr Cys Pro Ser Phe Thr Arg Leu Ser Phe His Ser
20 25 30

Ala Val Val Gly Thr Gly Leu Asn Val Arg Leu Met Leu Tyr Thr Arg
35 40 45

Lys Asn Leu Thr Cys Ala Gln Thr lie Asn Ser Ser Ala Phe Gly Asn
50 55 60

Leu Asn Val Thr Lys Lys Thr Thr Phe lle Val His Gly Phe Arg Pro
65 70 75 80

18

1161
1821
1881

1941

2061
A3
2181
24
2301
2361
240
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Thr Gly Ser Pro Pro Val Trp Het Asp Asp Leu Val Lys Gly Leu Leu
85 90 95

Ser Val Glu Asp Met Asn Val Val Val Val Asp Trp Asn Arg Gly Ala
100 105 1o

Thr Thr Leu lle Tyr Thr His Ala Ser Ser Lys Thr Arg Lys Val Ala
15 120 ’ 125

¥et Val Leu Lys Glu Phe lie Asp Gin Met Leu Ala 6lu Gly Ala Ser
130 135 140

Leu Asp Asp Ile Tyr Met lle Gly Val Ser Leu Giy Ala:His 1le Ser
145 150 155 160

Gly Phe Val Gly Glu Met Tyr Asp Gly Trp Leu Giy Arg lle Thr Gly
165 170 175

Leu Asp Pro Ala 6ly Pro Leu Phe Asn Gly Lys Pro His Gin Asp Arg
180 185 190

Leu Asp Pro Ser Asp Ala Gin Phe Val Asp Val lie His Ser Asp Thr
195 200 205

Asp Ala Leu Gly Tyr Lys Glu Pro Leu Gly Asn lle Asp Phe Tyr Pro
210 215 220

Asn Gly Gly Leu Asp Gin Pro Gly Cys Pro Lys Thr lle Leu Gly Gly
225 230 . 235 240

Phe GIn Tyr Phe Lys Cys Asp His 6in Arg Ser Val Tyr Leu Tyr Leu
245 250 255

Ser Ser Leu Arg Glu Ser Cys Thr Ile Thr Ala Tyr Pro Cys Asp Ser
260 265 210

Tyr Gin Asp Tyr Arg Asn Gly Lys Cys Y¥al Ser Cys Gly Thr Ser Gin
215 280 285

19
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Lys Glu Ser Cys Pro Lev Leu Gly Tyr Tyr Ala Asp Asn Trp Lys Asp
290 295 300

His Leu Arg Gly Lys Asp Pro Pro Met Thr Lys Ala Phe Phe Asp Thr
305 310 315 320

Ala 6lu Blu Ser Pro Phe Cys Mot Tyr His Tyr Phe Va) Asp tle lie
325 330 335

Thr Trp Asn Lys Asn Val Arg Arg Gly Asp tle Thr )le Lys Leu Arg
340 345 350

Asp Lys Ala Gly Asn Thr Thr Glu Ser Lys 1le Asn His Glu Pro Thr
355 360 365

Thr Phe Gin Lys Tyr His Gin Val Ser Leu Leu Ala Arg Phe Asn Gin
310 375 380

Asp Leu Asp Lys Val Ala Ala lle Ser Leu Met Phe Ser Thr Gly Ser

385 390 395 400

Leu fle Gly Pro Arg Tyr Lys Leu Arg tls Leu Arg Ief Lys Leu Arg
405 410 415

Ser Leu Ala His Pro Glu Arg Pro 8in Leu Cys Arg Tyr Asp Leu Val
420 425 430

Leu Mot Glu Asn Val 6lu Thr Val Phe Gln Pro 1le Leu Cys Pro Glu
435 440 445

Lev Gin Leu
450

<210> 3

QI 24

<212> DNA

Q13> Homo sapiens

<400> 3
tgcgaagtaa atcattcttg tgaa

24
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210> 4

Q11 24

<212> DHA

<213> Homo sapiens

<400> 4
tetgacatee ataggacget actg

<2100 5
QA 4
<212 DNA
<213> Homo sapiens

<400> S5
ctgcgcacaa accateaact ccte

Q10> 6

Qi 24

<212 DNA

<213> Homo sapiens

<400> 6
aggegacage actotttttg tgac

Q10> 7

Q21> 33

<212 DNA

<213> Homo sapiens

<400> 7
cgeggatcea tgttgagatt ctacttatte ate

210> 8

211> 60

Q212> DNA

<213> Homo sapiens

<400> 8
ccggaattet tacttgtcat cgtegtectt gtagtccaac tgcaactctg ggcaaagaat

21

24

24
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Claims

1.

10.

11

12.

13.

A polypeptide selected from the group consisting of:
(a) a polypeptide consisting of the amino acid sequence of SEQ ID NO:1;
{b) a polypeptide comprising the polypeptide of (a);
(c) a polypeptide having at least 70% amino acid sequence homology with the polypeptide of (a) and having
phosphatidic acid decomposing activity; and
(d) a polypeptide having variation of one or more amino acids in the amino acid sequence of SEQ ID NO:1,
such as a deletion, substitution, addition, and insertion in the amino acid sequence, and having the phospha-
tidic acid decomposing activity.

A peptide comprising at least about 8 consecutive amino acids of the amino acid sequenceof SEQ ID NO:1.

A polynucleotide encoding the polypeptide of claim 1 or the peptide of claim 2, or a complementary chain thereof.

A polynucleotide which hybridizes to the polynucleotide of claim 3 under stringent conditions, or a complementary
chain thereof.

A polynucleotide consisting of at least about 15 consecutive nucleotide bases of the polynucleotide of SEQ ID NO:
2 or a complementary chain thereof.

A recombinant vector comprising any one of the polynucleotides of claims 3 to 5.
A transformant transformed by the recombinant vector of claim 6.

A method for producing the polypeptide of claim 1 or of the peptide of claim 2, comprising culturing the transformant
of claim 7.

An antibody which specifically binds the polypeptide of claim 1 or the peptide of claim 2.

The antibody of claim 9, wherein said antibody is able to suppress phosphatidic acid decomposing activity.

. Amethod for identifying a compound which interacts with the polypeptide of claim 1 so as to inhibit or activate the

activity of said polypeptide, and/or a compound which interacts with the polynucleotide of claim 3 or claim 4 so as
to inhibit or accelerate expression thereof, wherein the method comprises a step using at least one member se-
lected from the group consisting of the polypeptide of claim 1 or the peptide of claim 2, the polynucleotides of
claims 3 to 5, the vector of claim 6, the transformant of claim 7, and the antibodies of claim 9 or claim 10.

A method for identifying a compound which interacts with the polypeptide of claim 1 so as to inhibit or activate the
activityof said polypeptide, and/or a compound which interacts with the polynucleotide of claim 3 or claim 4 so as
to inhibit or accelerate expression thereof, comprising the steps of:

evaluating the interaction of the compound by contacting the polypeptide or the polynucleotide with the com-
pound to be screened under conditions allowing an interaction of the compound with the polypeptide or the
polynucleotide (such interaction is related to a second component capable of providing a detectable signal
responding to the interaction of the compound with the polypeptide or the polynucleotide); and

detecting the presence or absence or a change of a signal generated by the interaction of the compound with
the polypeptide or the polynucleotide to determine whether the compound interacts with the polypeptide or
the polynucleotide and activates or inhibits the activities thereof.

A method for identifying a compound which inhibits or activates "the activity or a physiological action® of “the
polypeptide of claim 1° or “the polynucleotide of claim 3 or claim 4*, comprising the steps of:

evaluating, using the transformant of claim 7 and another transformant expressing a receptor for lysophos-
phatidic acid produced upon action of “the polypeptide of claim 1 expressed in said transformant” to phospha-
tidic acid, the interaction with the compound by contacting the transformants with the compoundto be screened
under conditions allowing for interaction of the compound with the transformants (such interaction is related
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16.
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18.

19.
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to the second component capable of providing a detectable signal responding to the interaction of the com-
pound with the transformant); and

detecling the presence or absence or a change of a signal generated by the interaction of the compound with
the transformant to determine whether the compound is able to activate or inhibit “the activity or the physio-
logical action® of "the polypeptide or the polynucleotide®.

A compound identified by the methods of claims 11 to 13.

A compound which interacts with the polypeptide of claim 1 so as to inhibit or activate the activity thereof, or a
compound which interacts with “the polynucleolide of claim 3 or claim 4" so as to inhibit or accelerate the expression
thereof.

A medicinal composition comprising at least one member selected from the group consisting of the polypeptide of
claim 1 or the peptide of claim 2, the polynucleotides of any one of claims 3 to 5, the vector of claim 6, the trans-
formant of claim 7, the antibodies of claim 9 or claim 10, and the compounds of claim 14 or claim 15.

A methed for diagnosing a disease related to "expression or the activity” of the polypeptide of claim 1 in a subject,
comprising analyzing (a) a nucleic acid sequence encoding the polypeptide and/or (b) the polypeptide contained

in a sample obtained from the subject, as a marker.

A method for therapeutic treatment comprising administering the medicinal composition of claim 16 to a subject
afflicted with a disease related to phospholipase A,.

A method for producing the medicinal composition of claim 16.
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Fig.2

GAATTCGG

CRCGAGAAAA TCCCACAGTG GAAACTCTTA AGCCTCTGCG AAGTAAATCA TTCTTIGTGAA
TGTGACRCAC GATCTCTCCA GTTTCCATAT GTTGAGATTC TACTTATTCA TCAGTTTGIT

M_L R P __X b % I

S L A

GTGCTTGICA AGATCAGACG CAGAAGAAAC ATGICCITCA TTCACCAGGC TGAGCITTCA

c L 8 R 8 D A EET CPS FP.T R L

S F H

CAGTGCAGTG GITGGTACGG GRACTAAATGT GAGGCTGATG CTCTACACAA GGAAARACCT

S AV ¥V 6T 6. LNV RLM L Y TR

K N_X

GARCCTGCGCA CAARCCATCA ACTCCTCAGC 'rmeosaac TTGAATGTGA CCARGARARC

T CA QT 1IN 5 8A FGN L N VX

K K T

CACCTTCATT GTCCATGGAT TCAGGCCRAC AGGCTCCCCT CCTGTTTGGA TGGATGACTT

T FI VHGF RPT GSP P V.V N

D DL

AGTARAGGGT TTGCTCTCTG TTGRAGACAT GAACGTAGTT GTTGTTGATT GGAATCGAGG

VKG L L S V, E DM NVV V VD w
AGCTACAACT TTARATATATA CCCATGCCTC TAGTAAGACC AGAAAAGTAG
A TT L I Y T _.H_A S S K T R K Vv A
GAAGGAATTT ATTGACCAGR TGTTGGCAGA AGGAGCTICT CTTGATGACA
K BEF I DPDQ M L A E G A S 'L D DI

N R G
CCATGGTCTT

M V L -
TTTACATGAT

Y M I

CGGAGTAAGT CTAGGAGCCC' ACATATCTGG GTTTGITGGA GAGRTGTACG ATGGATGGCT

v L A R I 8 G P VvV G E M Y D
0‘&& iﬁcgeocr'os ACCCTGCAGG CCCTTTATTC AACGGGARAC
G R I T 6 L P A G P L F N G K P
CAGATT CGCAGTTITGT TGATGICATC CATTCCGACA
R LD PS DA QFV DVI HS3 DT
GGGCTACAAG GAGCCATTAG GARARCATAGA CTTCTACCCA AATGGAGGAT,

G YK E P LG NN I D F Y P N G G L
TGGCTGCCCC ARAACAATAT TGGGAGGATT TCAGTATTTT AAATGIGACC

¢ © xrznoergzrg%gog
TGTATACCTG TACCTGTCTT CCCTGRGAGA GRGCTGCACC

VYL YL S8 S LARE 8CT ITA ASY
CTCCTACCAG GATTATAGGA ATGGCAAGTG TGTCAGCTGC GGCACGTCAC
8 YQ PYRN G6GKC VSC GT 3 Q
CTGTCCCCTT CTGGGCTATT ATGCTGATAA TTGGAAAGAC CATCTAAGGG
CPL L GYY ADN W KD HULRG
TCCAATGACG ARGGCATTCT TTGACACAGC TGAGGAGRGC CCATTCTGCA
P MT KA P F DTA EES P.F C M
CTTTGIGGRT ATTATAACAT GGAACAAGAA TGTAAGAAGA GGGGACATTA
F VD I I 7% N KN v iai[R_&85bJ1rr
GAGAGRCAAR GCTGGARACA CCACAGAATC CARAATCAAT CATGAACCCA
R DK AGN T T ES EKEIVN HETFPT
GARATATCAC CAAGTGAGTC TACTTGCAAG ATTTAATCAA GATCTGGATA
K YH QVsS L LAR FNQ DL DK
ARTTTCCITG ATGTTCTCTA CAGGATCTCT AATAGGCCCA AGGTACAARGC
I s L MF ST GS L I G6G9?¢ R YKL
CCGAATGARG TTAAGGTCCC TTGCCCATCC GGAGAGGCCT CAGCTGTGIC
R M K LR SL AHP BERP QL CR
TGTCCIGATG GARAACGTTG AAACAGTCTT CCARCCTATT CTITGCCCAG
VI M ENVE TVF QFPTI L CZPE
GTAACTGTTG CCAGGACKACA TGGCCATAAA TAATAGAAAG AAAGCTACAR

*
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continuing

TTTGAAAGCT
TTTCAGTAGC
ATCCTGGGRA
GCGCTGTGTC
TCACGCGGGT
CTGGAGGCCT
CACGTAGRRG
CAARAATCTA
ARATGTGART
ATCAACACCA
GCCCTCTGCC
ACTGACAGCT
‘AAGCCGTGGG
AARGCAGAGC
TTAAGCAACC
AAGGAAATTT

TCACCTCACC
GTCCTATGGA
GGAGCCCCTA
TGCTGTGTCC
GGTTCTGCCC
CACCGTGGAC
GGAACGRARC
TGAAGGGTTT
ATGCTTTTAC
GCTTCTCTICT
TTCTCTARAG
ARGAGGGCGG
GCAGCCTCTT
TTATTTITCA
CTTAAGAAAT
AGARAAATGCG
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TTTCTGCAAA
TGTICACATTG
ACTAGGGCAA
TGGGGCCTCC
ATCGCGGCTG
TCAACTCTGC
TGACGTCTAC
TTTGAAATCC
ATTTGGGCTT
CGGGCTGTTT
TGCTGTTGGA
CTGCTGGGAC
CACATGGGGA
CCTARGGTGG
GTTTATGTTT

GCAGARARAG TATGAARAAA
TACATCAAAC AACCTTGTGA
GTCAGARATA GCCAGGCTCG
CTTGTTCCGA CCTGTCAATT
CGGGTCAAGC ATCTTCAAGG
ATTCTCCGTG CCACATTCCT
CTCATGGGGC TGCTGTGTGG
CATAGGTGCC ACATCTATGA
ATCTARTTTG CAATAAGAGA
GCTCAGGGAR GGCAAGARAG
GCATGGAGGA GCTGGAGGAG
TAGATAGTGG ATGAAGARARG
CAGGGGATGG AGCATGAGGC
AGAAGGATCA CTTTACAGGC
CTTTATTACC AATGTAATCT

CCARGGCTTT
TTATARRACG
CAGCAGCGCA
CTGCTGCCTG
GAAGGRCGGA
CCAGTTCCCA
GTTTGGGAGG
GATGTTTGAT
GCCTCTCTCT
CCACGTGCTG
ATGGGGATGG
AAGGACGAGG
AGGGGRAGGA
ARCGCTCATT
ATGATTATTG

TAGATACAAA ARARARAAAA AAARACTCGA G
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Fig.3
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Fig.4
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Fig.5
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Fig.8
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